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Remotely sensed MODIS fire detections were used to examine wildfire variability
from 2003-2011 in southeast Louisiana, and to determine if the Deepwater Horizon oil
spill and hurricanes may have impacted fire frequency and intensity. Despite low wildfire
detection rates, around 60% for fires at least 1 km2 or greater, the MODIS fire product
provided a consistent and reliable source of wildfire data. As a result of Hurricane
Katrina, wildfire detection frequencies doubled their average numbers during the fall of
2005 in inland areas and during the spring of 2006 in inland and coastal marsh areas.
Strangely enough, the oil spill may have contributed to lower fire frequencies in the
summer of 2010 and spring of 2011 inland. Neither hurricane Katrina nor the oil spill
were found to have an effect on fire intensity, and the spatial distribution of wildfires
remained relatively constant over the study area after both disasters.
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INTRODUCTION

The Deepwater Horizon Oil spill is one of the costliest and most extensive human
induced disasters to affect the United States. Eleven people lost their lives in an explosion
that lead to 4.9 million barrels (approximately 205 million gallons) of crude oil being
spilled into the Gulf of Mexico(“Gulf Spill” 2010). The past decade has also seen one of
the most destructive natural disasters to impact the Gulf coast, hurricane Katrina. Katrina
was the costliest and the second deadliest hurricane in U.S. history, with at least 1,836
lives lost, and over 81 billion dollars in damages (Knabb et al. 2006).
Both the oil spill and hurricane Katrina represent extreme examples of hazards
which could create substantial perturbations in fire activity in southeast Louisiana. Much
of the coastal flora is dependent on wildfires to remove dead vegetation and other organic
material that act as fuel loadings for fires. If left unburned, many of these marshes can
become more susceptible to damaging wildfires within three to four years (Lynch 1941).
Changes in fire behavior could have further impacts on both flora and fauna. While not
the primary cause, marsh fires, as well as hurricanes, have been associated with wetland
loss in Louisiana, further underlining the importance and impact of wildfires in coastal
areas (Mietchner Et al 1997, Mcfalls et al 2010, Nyman and Chabreck 1995).
A-priori and posteriori wildfire conditions need to be studied and tested to
determine if the oil spill or Katrina had an impact on wildfire activity. Then further tests
1

can be conducted to assess the role environmental factors may play in facilitating
wildfires. Any information gathered can not only help in understanding the impacts of
these disasters, but could also provide actionable information to help policy makers and
fire managers better prepare for disaster related effects.
No published studies currently exist on whether or not the oil spill has affected
fire patterns in the coastal marsh ecosystem. Similarly, little is known about hurricane
effects on wildfires in coastal wetland areas. Since wildfires play an important role in the
marsh ecosystem, any change in fire patterns could have further impacts on vegetation
and animal habitats. Identifying methods that properly convey these disasters’ effect on
wildfire activity is the first step in mitigating any negative consequences and possibly
maximizing any beneficial or desired results.
GIS has already proved to be a useful tool in understanding causes and extent of
wildfire across the landscape (Dutta 2010, Grala and Cooke 2010). GIS tools and
methods can be used to map and spatially link oil and hurricane damages to changes in
wildfire patterns. These spatial linkages could provide a better understanding of wildfire
patterns and could lead to better preparedness by resource managers for future disasters.
Classifying the change in wildfire risk provides not only the spatial information, but
provides an opportunity to examine effects on wildfires in different types of
environmental conditions.
While the data in this study might only asses oil spill effects on wildfires over a
couple of years, the analysis will lay the ground work for longer term studies and
monitoring. Similarly, the data also provide an opportunity to explore the effect of
hurricane Katrina on wildfires in this region over the past half-decade. Since Louisiana is
2

the fourth highest producer of oil in the United States (Lindau, et al 2003), as well as near
the coast, oil spill and hurricanes still present a hazard to these areas. Therefore,
environmental and disaster related factors that might influence wildfire behavior need to
be identified. Before the disaster related effects can be analyzed though, an understanding
of normal fire behavior needs to be established. Using the MODIS fire detection system,
temporal and spatial trends as well as relationships between tidal and climatic influences
will be analyzed to better understand wildfire activity in southeast Louisiana and its
coastal wetlands. These temporal and spatial trends along with statistical testing will then
be used to help determine if the oil spill or hurricane Katrina had an effect on wildfires
and if so determine when or where the effects exist.
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LITERATURE REVIEW

Wetland Fires
Wildfires are an important part of the marsh ecosystem, and can prove beneficial
to plant and animal life. Not all burning is good, however, since time of year, tidal
conditions, vegetation, extent of the fire, and climate are all factors that determine
whether wildfires have a positive or negative effect on the environment (Nyman and
Chabrek 1995, Lynch 1941). For example, spring or summer wildfires can have
detrimental effects on nesting, other habitats and young fauna. Animals in tidal marshes
face further negative impacts since plant debris is an important component of the food
chain as well as a potential fuel source for fires (Nyman and Chabrek 1995). Despite
these detrimental effects, controlled burning can make habitats more appealing to
migrating bird and other fauna (Mitchell et al 2006).
John Lynch (1941) identified three types of fire in the marsh environment with
varying levels of damage: cover, root and peat burns. Peat burns are the deepest and can
have the longest lasting and most damaging effects on vegetation, since the soil is burned
off. These types of fires are relatively rare and occur not only when the marshes lack
standing water, and the soil is dry. Root burns are classified as burns that harm the roots
but do not remove soil. These burns can occur when fuel has accumulated for several
4

years or the marsh area is dry. Cover burns are the most superficial, most beneficial, and
least harmful of these types of burns (Lynch 1941).
Many plant species survive fire by re-growing stems from rhizomes. Severe
wildfires, however, have been shown to kill the rhizomes in species such as Spartina
Alterniflora and Spartina Patens (“Spartina Alterniflora” 2001, “Spartina Patens” 2001).
Large amounts of oil have been shown to kill Spartina Alterniflora leaving more dead
vegetation and fire fuel (Mendelssohn et al 2003).
Not surprisingly, water level at the time of the burn was found to be the most
important factor in recovery of marsh species from wildfires. Even water levels of at least
2 cm above ground were sufficient enough to protect soil and rhizomes from thermal
stress and promote regrowth in marsh plants such Spartina Alterniflora (Lin et al 2002 ).
Damage to the plants and their rhizomes occur during burns when the water levels are
below the soil (Byrner et al 2001, Lin et al 2002).
Weather and Climatic Effects on Wildfires
Natural disasters such as hurricanes can have an impact on wildfires by
modifying environments. The most direct concerns involve downed trees where timber
and vegetation create heavier fuel loads and increases both fire hazard and risk (Boucher
1990). Fire hazard is related more to fuel conditions since fuels are the materials which
allow wildfires to occur. Fire risk on the other hand is a measure of the likelihood of
wildfires affecting human lives and structures. These concerns have been verified, as
higher wildfire hazard areas became more prevalent on the Mississippi coast after
hurricane Katrina. The increasing higher hazard areas were followed by actual increases
in wildfire frequency (Cooke et al. 2008).
5

A link between hurricanes and wildfires has also been implied in a study that
looked at paleo-records in coastal Alabama (Liu et al 2007). The records included over
washed sand layers to infer the impact of a strong hurricanes, and charcoal data to infer
fire information. Pollen data suggested an increase in certain types of flora following
strong hurricanes. The introduction of different flora to the region is possibly due to
environmental changes such as saltwater intrusion into the marshes and soil. These data
indicate that hurricanes can possibly have a long term effect on ecosystems and longer
term wildfire behavior (Liu et al 2007).
Broader weather patterns have also been known to influence fire behavior.
Teleconnection indices such as the SOI (Southern Oscillation Index or El Nino), NAO
(North Atlantic Oscillation) and PNA (Pacific North American) have all been related to
fire in Mississippi and other areas (Dixon et al 2008). These indices quantify continental
scale meteorological patterns, which can have impacts on weather and climate in other
parts of the globe.
Oil and Marsh Fires
The limited literature on oil and fires in the coastal marshes deals mainly with in
situ burning, which is a technique used to clean oil from affected areas. This technique
was used extensively in the cleanup of the Deepwater Horizon oil spill (“In Situ Burning”
2011). While this practice can be beneficial, potentially harmful effects can occur as well.
Some of the negative hazards associated with burning of oiled wetlands are also
associated with wetland fires in general, such as plant damage, danger to animals and
possible long term damage to below ground biomass. Oil-specific wildfire effects also
exists such as the potential for further oil penetration into the soil and a difficult to
6

remove residue than can be a byproduct of the burning (“RRT IV Guidelines” 2011,
Lindau et al, 1999, “Residues” 2011). Fires from oil affected vegetation were not found
produce enough heat stress on the soil to kill vegetation (Lin et al 2005, Lin et al 2002).
These types of burns tend to be smaller and more controlled than wildfires and therefore
may not be representative of real world conditions. These burns tend to be small and are
not likely to be detected by MODIS fire detection system which was used to represent the
wildfire response to these two disasters.
MODIS Fire Detection System
This section provides a brief overview and explanation of the Moderate
Resolution Imaging Spectoradiometer (MODIS) fire product (MOD14). The MODIS
system is a multi-spectral, remote sensing platform that is included with two polar
orbiting satellites, Terra and Aqua. These satellites provide a full view of the Earth every
one to two days, in 36 spectral bands, at up to 12 bit radiometric resolution (Jensen
2005). Data from MODIS is widely used in remote sensing of land, sea and atmosphere
(Baccherone and Frazier 2011). Terra was launched on December 18, 1999 and Aqua was
launched on May 4, 2002 (Jensen 2005).
The Remote Sensing Application Center in Salt Lake City, Utah has used MODIS
data to detect fires based on thermal anomalies. The fire detection product is available for
fires dating as far back as 2001 for Terra and 2003 for Aqua, and is updated daily. The
fire detection locations are placed at the centroids of one kilometer grids. The algorithm
used in this process is currently using Collection 5 version 1 of MODIS images (“Fire
Detection” 2011).
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The fire detection algorithm uses the thermal channels 21(4µm), 22 (4µm) and
31(11µm) for active fire detection. Channels1 (.65µm), 2 (.86µm), 7 (2.1µm) and 32 (12
µm) are used for false alarm detection, sun glint and cloud masking (Giglio 2003).Grids
for each band are all resampled to the size of the thermal bands, 1 km2 , regardless of
their resolution . Brightness temperatures are derived from channels 21, 22 and 31, and
reflectance values are used in bands 1, 2, and 7. Band 22 is primarily used over channel
21. However, band 22 saturates at 331 K. Since channel 21 saturates at a higher
temperature, 500 K, it can substitute if channel 22 is saturated or does not have data.
Brightness temperature values are also derived for the 11 µm band. This channel will
saturate around 400 K on Terra and 340 K on Aqua. Channels 1, 2 and 7 are used are used
to detect errors with sun glint detection and coastal false alarm rejection. Channel 2 is
used to identify bright surfaces, and channels 1, 2 and 32 are used for cloud masking
(Giglio 2003, Giglio 2010).
The first stage of the algorithm identifies potential fire pixels that reach at least
certain detected brightness temperatures in the 4 µm range, and have a detected
difference of at least 10 K between the 4 µm and 11µm detected brightness temperatures.
The second stage of the algorithm is an absolute threshold test in which potential fire
pixels must reach a certain temperature as indicated in the 4 µm band. Nighttime
conditions, defined as having a solar zenith angle greater than or equal to 85°, have lower
brightness temperature thresholds (Justice et al 2008, Giglio 2003).
The next stage characterizes the background using initially window of 3x3 pixels
centered on the potential fire pixel that can expand to as large as 21x21 pixels, until at
least 25 percent of background pixels are deemed as valid. A valid background pixel must
8

be on land, and not contaminated by clouds or background fire pixels. Background pixels
are defined by threshold temperatures and differences in the 4 µm and 11µm bands. If the
background can be successfully categorized, then the 4 µm as well as the difference
between the 4 µm and 11 µm detected brightness temperatures are compared to valid
background pixels to test for substantial differences (Justice et al 2008, Giglio 2003).
For daytime pixels additional tests are carried out to remove possible errors due to
desert boundaries, sun glint and coastal false alarms. Coastal areas have edge problems
due to the reflected and emitted difference between water and land in the thermal ranges,
and the water mask is not always good enough to delineate water from land (Giglio
2003).
Fire intensity in the MODIS system is represented by Fire Radiative Power
(FRP). This product is based off the relationship between a pixel’s value related to
background pixels in the 4 µm range, and has been approximated by the following
equation (Kaufman and Justice et al 1998, Giglio 2002, Kaufman and Kledidman et al.
1998).

(1)
The FRP values are the only attribute used to quantify the thermal properties of detection
that have remained constant throughout the MODIS fire detection’s life span.
MODIS Fire Detection Rates and False Alarms
Understanding error rates in the MODIS system is important as well. Due to the
coarse resolution of the thermal bands on the MODIS sensor, smaller fires are less likely
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to be detected. The MODIS system can detect fires as small as 100m2 when the fires are
at nadir, skies are clear and there is no smoke. These conditions are hard to meet and
typically only fires 1000m2 are detected (Giglio 2010). Consequently, the system's
accuracy is dependent on the size of the fire and clarity of view between the fire and the
sensor, but can be affected by other factors as well.
Bare soil, senescent vegetation, urban areas and heterogeneous landscape
conditions can all cause false alarm detections. Cloud cover and heterogeneous
landscapes can lower detection rates as well. An understanding of these factors that
might impact accuracy is needed as well as independent assessment of error rates in
specific areas (Hawbaker et al 2008).
Validation of the MODIS detections often comes from ASTER data (Schroeder et
al 2008). The algorithm's accuracy varies with regards to location. The eastern part of the
country experiences a detection rate of about 60 %, much less than most of the country.
The decrease in detection rates is thought to be due to more cloud cover, which is masked
out by the detection algorithm. Detection rates increased when Terra and Aqua were used
in conjunction (Hawbaker et al 2008).
Previous literature focused on fire detection algorithm on prior generations of the
MODIS image collections (Morisette al 2006, Korontzi et al 2005), but the MODIS land
validation team has analyzed the current generation and provided some useful general
information on the product’s accuracy. Night time commission rates (false positives) were
practically nonexistent, while densely forested and vegetated areas could increase the
commission errors up to 16%. In these densely vegetated areas, up to 75% of
commission errors were due to burn scars. Errors of commission also increase from 1%
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to 8% as scan angle increases from 0° to 55°. Scan angle also decreases the probability a
fire will be detected. A fire approximately a quarter of the size of the 1 km2 pixel has a
65% chance of being detected at nadir. The same size fire at a scan angle 55° has only a
15% chance of being detected (Nickeson and Wolfe 2012).
Deepwater Horizon Oil Spill
Previous work done by Mishra et al.(2011) on the oil spill has found that Green
biomass (GBM) loss and chlorophyll content loss was significantly greater in 2010 than
in 2009. In the summer of 2010 there was about 400 km2 of salt marshes that had a GBM
reduction of 200 or more in southeast Louisiana compared the 50-59 km2 GBM loss in
2009, The loss in GBM can be attributed to wetland loss in general as well (Mishra et al
2011).
Oil first reached the shores of Louisiana around May 15, 2010, but did not reach
the shores of Mississippi, Alabama, and Florida until a couple of weeks later. Some of the
most oil-affected areas were west of the Mississippi river in southeast Louisiana
specifically around Barataria Bay. The time between the initial disaster and oil reaching
the shore was a month or more in some cases. This delay time resulted in changes to the
physical and chemical properties of the oil (“ERMA” 2011).
Grand Isle was one of the most affected areas and received oil relatively early and
often. Heavy oiling was found over much of the lower and mid intertidal zones, and even
in some areas of the upper intertidal zone. The high tide zones only contained trace
amounts light oiling at the surface. Heavy to moderate oil penetrated on average a depth
of 60 cm below the surface, and as far down as 100 cm (“Summary Report” 2011).
11

Eastern portions of Bararatria bay and the Mississippi river delta were some of the most
affected by the oil in this area (Figure 1) (“ERMA” 2011).

Extent of oiling in southeast Louisiana on July 12 2010 (“ERMA” 2011)

Hurricane Landfalls
Throughout the study period, three hurricanes directly impacted southeast
Louisiana. The first and least damaging of these storms was hurricane Cindy. Cindy was
barely a tropical cyclone at landfall on July 6, 2005. The storm surge generated only
about 4 to 6 feet of surge above normal tide levels in southeast Louisiana. The storm was
small and relatively short lived (Stewart 2006).
12

On August 29, hurricane Katrina made landfall in southeastern Louisiana as a
category 3 hurricane with a minimum low pressure of 920 millibars at the center of the
storm. Winds reached up to 140 miles per hour and hurricane force winds were recorded
as far as 105 miles from the center of the storm (Knabb et al 2006).
The Mississippi gulf coast was exposed to the northeast quadrant of the storm.
This area was subjected to highest storm surge which reached between 24 to 28 feet
around Bay Saint Louis, and 17 to 22 feet along the eastern coast of Mississippi. The
surge intruded as far as twelve miles inland along bays and rivers. While the surge was
not as high as Mississippi, southeast Louisiana experienced damaging storm surge as
high as 12 to 16 feet in St. Tammany parish and possibly 15 to 19 feet in eastern New
Orleans (Knabb et al 2006).
Hurricane Gustav made landfall on September 1, 2008 as a category 2 storm with
maximum wind speeds around 104 miles per hour. Storm surge reached as high as 13 feet
in some portions of southeast Louisiana. Gustav dropped up to 21 inches of rain in
Louisiana and was responsible for flooding along many of the rivers (Beven and
Kimerlain 2009).

13

RESEARCH OBJECTIVES

The questions posed in this research focus on the effects of the Deepwater
Horizon oil spill and hurricane Katrina on wildfires. The following objectives were
developed to help answer these questions.
Objective 1. Assess the probability of detection of fires by the MODIS fire
Detection system.
Objective 2. Create graphs to explore temporal trends and identify periods of
peak wildfire intensity.
Objective 3. Create kernel density maps to explore spatial trends and identify
any spatial changes in wildfires possibly due to either disaster.
Objective 4. Explore correlations between wildfire frequency and other tidal,
climate and vegetation factors
Objective 5. Create statistical test to examine the impact of the Deepwater
Horizon oil spill and hurricane Katrina on wildfire frequency
Objective 6. Create statistical test to examine the impact of the Deepwater
Horizon oil spill and hurricane Katrina on wildfire Intensity
Objective 1 was developed to determine how trustworthy the data were.
Objectives 2 and 3 created graphical evidence to examine normal temporal and spatial
patterns. The graphical evidence also provided a method to visually examine when and
14

where impacts on wildfire from hurricane Katrina or the Deepwater Horizon oil spill
might occur if they do exist. Objective 4 also aided in understanding the relationship of
wildfire behavior to other factors such as climate, vegetation and tide. Objectives 5 and 6
along with the other objectives were used to answer the following hypotheses.
Hypothesis 1: There are increases in wildfire frequency due to hurricane Katrina
and the Deepwater Horizon oil spill in the coastal wetlands and in
southeast Louisiana.
Hypothesis 2: There are increases in wildfire intensity due to hurricane Katrina
and the Deepwater Horizon oil spill in the coastal wetlands and in
southeast Louisiana.

15

DATA

Study Area
The study area was constrained to southeast Louisiana, due to the extended period
of oil affecting this area and the area’s close proximity to the eye of hurricane Katrina
(Figure 2).Wildfire and other data will be collected from Jefferson, Orleans,
Plaquemines, St. Bernard, St. Charles, St John and Tangipahoa parishes. The time period
of the study began on January 1, 2003 and continued until March 2012.

16

Study and Accuracy assessment areas.

County GIS files (shapefiles) for southeast Louisiana parishes were obtained from
the U.S. Census Bureau from 2010 census data. The U.S Fish and Wildlife’s
Classification of Wetlands and Deepwater Habitats of the United States was used to
separate marine wetlands from inland areas. Only the distinction between the coastal
wetlands and inland areas was made due to the spatial uncertainty associated with the
MODIS fire data set as well as the sparse nature of the vegetation classifications further
inland.
MODIS Fire Detection Data and Preparation
MODIS fire detection data were obtained from the Remote Sensing Application
Center from 2003 through 2012. These data would be used to represent the spatial,
17

temporal and thermal characteristics of wildfires in southeast Louisiana. The fire
detection points are placed at the centroids of the 1km2 MODIS grid cells and contain the
date collected as well as the derived Fire Radiative Potential which was used to represent
intensity.
The starting year was chosen as 2003 since it is the first year in which fire
detections exist for both Aqua and Terra. Since the MODIS system detection marks
individual pixels as fire or non-fire, a method was needed to consolidate the fire
detections into a dataset more representative of actual wildfire frequency. Two kilometer
buffers were created in ArcGIS around each of the fire detection locations. The internal
buffer lines that result from the buffering process dissolved based on the date of detection
so that all suspected fire detections within a 2 km radius occurring on the same day were
counted as single fires. The maximum FRP value from the previous unaltered fire
detections was chosen to represent the thermal properties of each fire when dissolving
into the new feature. The ‘feature to point’ GIS function was used to place a point at the
center of the dissolved buffer to more accurately portray the location of the fire. These
data would then be ready for temporal spatial and statistical analysis of potential impacts
from either the Deepwater Horizon oil spill or hurricane Katrina on wildfires.
Climate and Tidal Data and Vegetation Factors
SOI, PNA, NAO indices were gathered from the Climate Prediction Center and
average monthly tidal data were collected from the NOAA Tides and Currents website.
The Grand Isle station was chosen to represent tidal conditions because it contained the
most complete tidal record from 2003-2011 (“Tide Data” 2012). Precipitation data and
drought indices were obtained from the National Climatic Data Center.
18

16 day MODIS NDVI and EVI composites were collected from the EROS data
Center from 2003-2012. These images represent 16 day averages for each of the indices
throughout the study area at a 500m resolution, and were used to assess vegetation health.
The each pixels value was multiplied by a factor of 1000. Clouds were already masked
out of the image during the preprocessing stage. Water bodies were given the constant
value of -3000 was then masked from the image.

19

METHODS

Accuracy Assessment
Independent validation of the MODIS fire detection center-cell location is
recommended when studying specific areas (Hawbaker et al 2008). To understand the
detection rates Reference fires in Mississippi Gulf Coast and Cameron parish, 1 km2 in
size or greater, were compared to the unaltered MODIS fire detections The reference
fires were obtained from the Wildland Fire Assessment System (WFAS) federal database.
Buffers were created around the reference fires based on the size of the reference fire plus
5km. These buffers enabled development of spatial criteria for linking the fires between
the two datasets. The data were then used to examine temporal wildfire patterns with
graphical evidence
Temporal Trends: Graphical Evidence
Graphs of normalized and non-normalized wildfire detection frequency were
created to examine the temporal trends associated with wildfires in both the marine
wetland environment as well southeast Louisiana in general. Graphs of mean NDVI and
EVI for both southeast Louisiana and the coastal wetlands were created to examine
possible vegetation changes from either disaster. These temporal trends were useful in
identifying periods of peak wildfire activity as well as defining a fire season or seasons to
20

be used in both in statistical analysis of wildfire intensity as well as the kernel density
maps.
Density Analysis and Autocorrelation
Kernel Density grids provide a continuous raster representation of point data for
depictions of wildfire frequency across the landscape. These maps can be a powerful
visualization tool for identifying spatial patterns, as well as areas that might have increase
in wildfire frequency following each disaster. Proper implementation of kernel density
analysis requires the determination of an ideal search radius to accurately portray density.
If the search radius is too small, events become too discrete, and if the search radius is
too large the results become too generalized (“How Kernel Density Works” 2011). A
proper radius can be chosen by using methods such as the Ripley's K function. This
function can create a quantifiable measure of spatial autocorrelation among the MODIS
wildfire detection points. The Ripley’s K function plots the average distance between
features, k values, as a function of scale. The highest difference between observed K
values and expected K values would indicate a distance or scale where spatial clustering
is most pronounced (“Multi Distance” 2012). The distance can then be used as a search
radius for the kernel density function for each of the fire seasons as defined earlier
through examination of temporal trends. The resulting kernel density maps can be
thought of as a statistical surface representation of wildfire detection frequency. While
graphical and visual evidence is useful, the objectivity of statistical methods are needed
to better understand wildfire patterns, as well a s hurricane Katrina or the oil spill’s
impact on those patterns.
21

Correlation
Identification of correlations between fire frequency and climatic, vegetation and
tidal factors, can aid in understanding overall wildfire trends with fire frequency.
Pearson’s Correlation coefficient was then calculated to test for linear relationships
between wildfire frequency, dependent variable, and the following independent variables:


Average Tidal Height;



NDVI:



EVI;



Teleconnection indices;



Heating and cooling degree days;



Palmer drought indices



Precipitation;
All variables were collected at the monthly level with the exception of NDVI and

EVI data. The 16 day period most representative of each moth was chosen and used in
the correlations. While 16 day periods exclude some information, they still should
provide a good estimate of vegetation health for the whole month. Understanding
relationship of the detected fires to these variables has the potential to help create a
context in which to evaluate future disaster related impacts on wildfire frequency.
Confidence Intervals
To test for changes in wildfire frequency following hurricane Katrina and the
Deepwater Horizon oil spill, 95% confidence intervals were created around the mean
number of fire detections for each season over both southeast Louisiana and the coastal
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wetlands. Seasons in this section were defined as: winter (January- March), spring (AprilJune), summer (July-September), and fall (October-December). The seasons were split up
to most accurately represent the season as defined by the equinoxes and the summer and
winter solstices. In one calculation wildfire detection frequencies in the seasons with the
closest temporal proximity following hurricane Katrina and the oil spill were excluded
from calculations of the mean fire frequency and respective 95% confidence intervals.
Those excluded seasons following each disaster could then be compared to the
confidence intervals to test for significance. Another calculation of wildfire detection
frequencies for each seasons excluded only the seasons in closest proximity following
hurricane the oil spill. The wildfire frequencies in the seasons following the oil spill were
also compared to the second calculation to test for significance as well as check for
possible differences with the inclusion hurricane Katrina’s potential effects. The null
hypothesis will state that for each fall, winter, spring and summer most immediately
following both hurricane Katrina and the oil spill is no different than the calculated mean
wildfire frequency. The null hypothesis will be rejected for these potential disaster
affected seasons if wildfire frequencies are lower than the lower limit or exceed the upper
limit as set by the 95% confidence interval. Due to the small sample size marginally
significant results will need to be closer analyzed before any conclusions can be made.
Bootstrapping
Statistical analysis of the wildfire intensity data was also complicated by, a small
sample size and a non-normal distribution (Figure 3). Therefore, comparison of fire
intensities among fire seasons was conducted using bootstrap intervals. Bootstrapping is
an iterative process used to resample a population based on the current samples.
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Replacement samples are created and then used to approximate the sample statistic.
Confidence intervals can then be created based on the sample statistics (Singh and Xie
2012). This process is useful for dealing with datasets that have a non-normal distribution
as well as small sample sizes (Ader et al 2008).

Histogram of FRP Values occurring in areas classified as marine wetland.

Bootstrap confidence intervals will be created around the mean FRP values for
each fire season. These FRP values measure the intensity of each wildfire, and are
presented in megawatts. Each fire season will then be compared to each other to look for
seasons that have significantly different mean intensities. The bootstrapping technique
creates multiple copies of the population parameter based on the replacement samples
created (Ader et al 2008). The mean for each fire season was calculated and 95%
bootstrap confidence intervals were created around each of the means. Two different
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bootstrapping methods were used; the percentile and bias corrected accelerated (BCa)
method. The percentile method simply uses the percent specified by the confidence level
to set the confidence limits. So, if a .05 significance level is chosen, the highest 5% and
the lowest 5% of all the values will act as the boundaries for the upper and lower
confidence limits (Singh and Xie 2012). The Bias Corrected accelerated method is
similar but adjusts for both bias and skewness (Efron 1987, DiCiccio and Efron 1996).
The null hypotheses will state that no significant difference between any two years exists.
This hypothesis will only be rejected if the means from both fire seasons are outside of
each other’s, confidence interval. For example if the 2003 fire season’s mean FRP is
above the upper confidence limit of the 2004 season but the 2004 season’s mean FRP is
not below the lower confidence limit, then the two are not considered significantly
different.
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RESULTS

Detection Rates
Overall 96 fires of size 1 km2 or greater were sampled from the federal database,
between 2003 and 2009 in Cameron parish and the Mississippi gulf coastal counties. In
Cameron parish 61% (29 out 47) of the sample fires were detected by the MODIS
detection system. On the Gulf Coastal counties of Mississippi, 53 %( 26 of 49) of the
fires were detected. The combined detection rate is 57.3% (55 of 96).
Temporal Trends (Graphical Evidence)
The highest incidence of wildfires in the wetland environment occurs in January
and February (Figure 4), while the highest incidence of wildfires over southeast
Louisiana happens in the fall season (Figure 5). The fire season was then defined as
occurring from October through February. More wildfires per kilometer occur inland
during the fall than in the coastal marshes (Figure 6). Otherwise, the marine wetland and
inland areas appear to have the same amount of fires per kilometer for the winter, spring
and summer seasons.
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Fire detection frequency in southeast Louisiana by month.
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Wildfire detection Frequency per month in the marine wetland
environment.

Normalized wildfire detection frequency by season in both the marine
wetland environment and southeast Louisiana in general.
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A clear increase in wildfire frequency can be seen in the coastal wetland during
the spring of 2006 (Figure 7), as well as over southeast Louisiana in the fall of 2005, and
the winter and spring of 2006 (Figure 8). These increase in wildfire frequency indicate
that hurricane Katrina had a direct effect inland with a possible lag effect of about 6
months in the coastal wetlands.

Wildfire detection frequency in the marine wetland environments of
southeast Louisiana by season.
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Wildfire detection frequency over southeast Louisiana by season.

Wildfire frequency also seemed to increase during the winter of 2009, following
hurricane Gustav. This increase in wildfire frequency along with an increase in frequency
during the winter of 2006 seem to indicate that hurricanes have an impact on winter
wildfires.No clear trends appear to occur after the oil spill since patterns appear normal
during 2010 and 2011.
Clear increases following hurricanes Katrina and Gustav appear to have affected
most of the parishes on the coast (Figure 9). St Charles Parish appears to be the most
affected by each of the hurricanes. The 2010 season following the oil spill does not
appear to be drastically different from other years in any of the coastal parishes. The
general lack of an oil spill effect on wildfires does not mean that there are no impacts on
the fuel source.
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Normalized wildfire detection frequency by each coastal parish by fire
season.

The NDVI and EVI graphs show clear drops in the coastal wetlands following
hurricanes Katrina and Gustav in the following fall and spring (Figures 10, 11). There is
no apparent lowering following the oil spill in 2010. Both indices as well as average tidal
heights drop to their lowest in January and February (Figure 14), which also
corresponded to the period of highest wildfire frequency in the marine wetland. Over
southeast Louisiana in general, drops in NDVI and EVI values appear as well, but are not
as pronounced as the drop in vegetation indices values in the marine wetland
environment (Figures 12, 13). No effects from oiling on the vegetation are seen here
either.
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Mean EVI values from the 16 day composite MODIS EVI images in the
marine wetland environment.
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Average Tidal height per tidal station across the Gulf coast of Louisiana
and Mississippi from April 2010 through July 2011.

Ripley’s K and Kernel Density
Plots of the difference K values (observed K- expected k) from Ripley’s K
function indicated that spatial clustering was most pronounced at 20 km for the 20062007 and 2009-2010 fire season and 25 km for the rest of the fire seasons (Figure 15).
Those distances were then used to set the kernel density search radius for each individual
fire season. The maps created represent spatial trends and clusters then used to identify
possible effects from hurricane Katrina or the oil spill.
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Difference K plots from the Ripley’s K function.

The density values were the greatest during the 2005-2006, and 2008-2009 fire
seasons (Figure 16). These two seasons follow both hurricanes Katrina and Gustav
respectively and seem to indicate an increase in fire activity following a hurricane. While
density values tend to fluctuate from season to season, not much variability exists in the
spatial distribution of wildfire incidence for year. Possible exceptions do, however, exist
in the 2005-2006 and 2010-2011 fire seasons.
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Kernel density of wildfire per fire season (Oct-February).

In 2005-2006 season, two areas of interest stand out, the Mississippi river delta
and an area north of new Orleans in St. Tammany parish. The higher density values in the
Mississippi river delta are due to 5 detections. Three of those detections are spread out
over 5 km from each other, during a three day period and are likely detections of the
same fire. Therefore increase in wildfire density is less likely to be due from hurricane
Katrina. The same problem exists in the increased density values north of New Orleans
except that there are close to 30 detections, in 2 clusters. One cluster is composed of what
are likely 3 separate fires out of the 6 detections, while the other cluster is likely
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composed of 13 separate wildfires out of 19 detections. These clusters then would seem
to indicate that actual increase in wildfire frequency occurred in the area north of New
Orleans following hurricane Katrina.
Two areas in which frequency might have increased also exist in 2010-2011 fire
season, eastern Barataria bay and the eastern portion of St. Bernard Parish. Closer
analysis shows that the small increase of wildfire density in Barataria bay is due mainly
to 4 fire detections. Three of those four fire detections occur within ten days and 15 km of
each other. These individual fire detections are also too close both spatially and
temporally to make the assumption that they are unrelated, and therefore, an increase in
wildfires cannot be linked to oiling in Barataria bay. Wildfire density in Eastern St.
Bernard parish, which also saw oiling, is actually similar to other fire seasons such as the
2009-2010, 2008-2009 and 2006-2007 fire seasons. The oil spill then did not appear to
have any impact on the spatial patterns wildfires
Correlations
Analyses of the correlations of wildfires with ecological and climatic variables
indicated fairly weak linear relationships. Wildfires in the coastal wetlands of southeast
Louisiana are the most strongly related to tide, vegetation health, precipitation and
seasonal temperature variations (Table 1). The strongest correlations existed for variables
with strong seasonal trends such as heating and cooling degree days, mean tidal height
and vegetation indices. Even these correlations are fairly weak, with no Pearson’s r
values above .5 or below -.5.
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Table 1

Palmer Z
PDHI
PDSI
PCP
CDD
HDD
SOI
PNA
NAO
NDVI
EVI
Tidal

Correlations of monthly fire detection frequency with different variables
Pearson’s R
Marine Wetland
-0.23
-0.10
-0.22
-0.32
-0.48
0.49
0.23
-0.03
0.06
-0.38
-0.36
-0.49

P-Values
Marine Wetland
0.0173
0.3070
0.0205
0.0006
<.0001
<.0001
0.0163
0.7220
0.5672
0.0004
0.0008
<.0001

Overall
-0.24
0.00
-0.17
-0.39
-0.38
0.21
0.24
0.26
0.18
-0.27
-0.27
n/a

Overall
0.0140
0.9618
0.0760
<.0001
<.0001
0.0274
0.0133
0.8710
0.5274
0.0139
0.0147
n/a

correlations with p-values less than .05 are bolded and correlations less than .01 bolded
and underlined.
In the marine wetlands, correlations significant at the .01 level were found
between heating and cooling degree days, monthly precipitation, NDVI, EVI and average
monthly tidal height. Over southeast Louisiana in general, significant correlations existed
at the .01 level between, monthly precipitation as well as heating and cooling degree
days. All correlations were negative indicating an inverse relationship with the exception
of heating degree days. PDHI, a more long term drought measure, was much less
correlated to wildfire frequency than PDSI or the Palmer Z index, which are more short
term measures of drought. Teleconnection indices correlations with wildfires, were not
significant with the exception of the SOI index which showed a weak correlation (r =.22 )
at the .05 level.
Confidence Intervals: Wildfire detection Frequency
The null hypothesis that the seasons most immediately following each disaster
were not different from the mean for each season was rejected for the fall of 2005, the
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spring of 2006, and the summer of 2010 in the marine wetlands. Over southeast
Louisiana the null hypothesis was rejected for the fall of 2005, the spring of 2006, the
summer of 2010, and the spring of 2011 (Table 2). These seasons represent periods in
which fire frequencies were outside of the 95% confidence interval around the mean fire
frequency for each season. The results indicate that hurricane Katrina’s impact on the
wildfires was not the same in both inland area and in the coastal wetlands.
Table 2

Confidence intervals for mean wildfire detection frequency compared to
detection frequency following hurricane Katrina and the Oil spill in the
winter, spring, summer and falls seasons.
Marine Wetland

Southeast Louisiana

Katrina
Winter

Katrina
Spring

Summer

Fall

Winter

Spring

Summer

Fall

Average

23.1

6.8

7.4

18.9

87.4

36.2

49.8

202.4

Upper Limit

29.5

11.4

9.6

23.6

122.0

46.0

66.3

256.5

Lower Limit

16.8

2.2

5.3

14.2

52.8

26.4

33.3

148.3

Test Number
Year

24

24

11

27

117

99

55

446

2006

2006

2006

2005

2006

2006

2006

2005

Oil Spill(without
Katrina)

Oil Spill(without Katrina)
Winter

Spring

Summer

Fall

Winter

Spring

Summer

Fall

Average

25.0

6.4

7.8

18.7

101.4

36.6

58.2

185.0

Upper Limit

31.5

12.1

10.3

25.3

130.2

47.4

80.1

291.5

Lower Limit

18.5

0.8

5.3

12.0

72.6

25.7

36.2

78.5

22

6

4

21

80

19

28

248

2011

2010

2011

2011

2010

2010

Test Number
Year

2011

2010

Oil Spill(with
Katrina)

Oil Spill(with Katrina)
Winter

Spring

Summer

Fall

Winter

Spring

Summer

Fall

Average

25.0

9.9

8.3

19.9

112.6

48.7

57.7

222.3

Upper Limit

31.9

14.8

10.6

25.7

148.2

67.0

76.3

314.9

Lower Limit

18.1

5.0

6.0

14.0

76.9

30.5

39.1

129.7

Test Number
Year

22

6

4

21

80

19

28

248

2011

2011

2010

2010

2011

2011

2010

2010

Frequencies outside of the confidence limit are bolded.
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In southeast Louisiana during both the fall and spring season, wildfire detection
frequencies were substantially greater than the upper confidence limits. In contrast, fall
wildfire detection frequency in the marine wetland environment was only higher than the
upper confidence limit by 3 fire detections; however, spring wildfire frequency in 2006
was nearly twice the value of the upper limit. These results, much like the graphical
analysis, indicate that hurricane Katrina had a strong and direct effect in inland areas
along with a lag effect of about 6 months in the marine wetlands.
Wildfire detection frequency in southeast Louisiana during the spring and summer
of 2011 were substantially less than the lower confidence limit, while detection frequency
in the coastal wetlands was marginally lower than the lower confidence limit in the
summer of 2010 by only about 1 fire detection. Any direct effects in the marine wetland
on wildfire frequency were therefore found either negligible or non-existent, while
possible decreasing effect inland might exist. The inclusion of seasons following
hurricane Katrina in the calculations of the mean and confidence intervals made no
difference in whether wildfire frequencies in the seasons after the oil spill were
significant at the .05 level.
Bootstrapping
The null hypotheses that there was no significant different between any two fire
seasons was accepted. Therefore, neither the fire seasons following both hurricane
Katrina and the oil spill were found to have a mean FRP significantly different than the
other fire seasons, both in the marine wetland environment and over Southeast Louisiana
in general (Figures 17, 18, 19, 20). No difference existed between the BCa and percentile
method with regards to significance when comparing the fire seasons to one another. The
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mean FRP value for the 2005-2006 fire season in the coastal wetlands does appear lower
but is not significantly different from any other year

Percentile Bootstrap Confidence Interval for the marine wetland
environment.

Percentile Bootstrap Confidence Interval for Southeast Louisiana.
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BCa bootstrap confidence interval for the marine wetland environment.

BCa bootstrap confidence interval for Southeast Louisiana.
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DISCUSSION

The lack of field data on wildfires in marsh areas, as well as at the parish or state
level, made the use MODIS fire detections system necessary to track wildfire trends.
Despite detection errors, mainly associated with coarse resolution and broad scale of the
MODIS sensor, the system provides the best temporal resolution with which to examine
these trends. Since data is collected nearly every day and false positives are relatively
low, the MODIS fire detection system provides a consistent, objective, repeatable source
of wildfire data in areas that are difficult to reach or where data records are poor or nonexistent. Therefore, these data are good for establishing overall tends as long as the
problems and issues with the system are well understood.
Because of these issues, only certain assumptions can be made from this
particular fire dataset. Since only adjacent fires occurring on the same day were
consolidated, the data set is most accurately described as spatial representation of wildfire
days. The data are still a measure of fire activity and can act as a proxy for wildfire
frequency. The fact that some of these detections might still represent the same fire needs
to be taken into account when interpreting results.
The largest drawback to the MODIS fire detection system is the coarse resolution
which limits detection to only large fires (Hawbaker et al 2008, Giglio 2010). The link
between fire size and the detection rates is also dependent on the timing and placement of
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the satellite sensor in relation to the fire. Even a fire of sufficient size and intensity may
not be detected if it does not retain those characteristics during one of the satellite’s
overpass.
The detection rates of fires of size 1km2 or greater were somewhat low along the
Gulf Coast. These low rates are most likely due to the accuracy assessment area's location
on the edge of two MODIS swaths. The near 55° off nadir location of these areas means
that errors of commission and omission are more likely (Giglio 2010). Therefore, fires in
the study area have to be larger or burn hotter to be detected by the MODIS system
because less energy is reaching the sensor. Some of the fire detections are likely picking
up on fires that are less than 1 km2 in size; however, detection rates for these fires should
be less than for larger wildfires. A data set containing smaller fires would possibly
provide different results.
The low detection rates were expected because the area is so far off nadir. Since
detection rates agreed with previous accuracy assessment in the literature, errors of
commission can be assumed to occur at least 8% as indicated by the MODIS validation
team (Nickeson and Wolfe 2012). False alarm rates could possibly be higher though, as
land-sea boundaries might increase false positives (Giglio 2003). The study area
consisted of more a more inhomogeneous landscape which could increase both errors of
commission and omission (Hawbaker et al 2008). Detection and false alarm rates could
also be affected by seasonal trends and other factors.
The strongest correlated variables are factors with strong seasonal trends which
are caused by the tilt of the earth. Heating and cooling degree days are in fact a direct
measure of seasonal changes and the vegetation indices are a response to those seasonal
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changes. Average monthly tidal heights are also followed these same seasonal trends.
Many variables that showed the strongest correlations, however, are related to causes of
error in the sensor. Bare soil, from lower tides, as well as senescent vegetation can all
create false alarms (Hawbaker et al 2008).
The relationship between these causes of error and the most correlated variables
complicate interpretation due to the relationship to periods of peak wildfire activity. The
period of highest wildfire frequency coincides with both periods of senescent vegetation
further inland during the fall season and winter seasons, and lower tides on the coast in
the winter. Alternatively, both lower tides and senescent vegetation can create more
favorable conditions for wildfire growth and make fuels easier to ignite. The highest false
alarm rate indicated in the literature was 16% and was related to densely vegetated tree
canopies (Nickeson and Wolfe 2012). If this rate is applied to the study area, then 4 fire
detections out of every 25 can assumed to be false alarms, which is fairly low. As a
result, these correlations probably represent actual trends that are just artificially
strengthened by false alarm rates.
Further graphical evidence was examined by looking at the wildfire density maps
to determine spatial patterns. By quantifying spatial autocorrelation the Ripley's K
function provided a more objective and logical basis for determining the Kernel density
function’s search radius. Clustered patterns indicate that there are factors that heavily
influence the spatial distribution of wildfires at the study area's scale. Most likely these
factors are anthropogenic as the wildfire data seem clustered around main roads. These
maps were also helpful in identifying areas where hurricane Katrina or the oil spill might
have the most impacts on wildfires.
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Both graphical and statistical evidence indicate that the Deepwater Horizon oil
spill did not have an effect on either the frequency or intensity of large wildfires.
Individual or small effects might exist in eastern Baratraria Bay, which saw the greatest
amount of oiling in this area (“ERMA”2012). However, no trend that can be linked to
oiling in the marine areas seems to exist. If anything the oiling may have decreased the
number of inland wildfires.
Wildfire detection frequencies overall of southeast Louisiana are below the lower
95% confidence interval in the summer of 2010 and the spring of 2011, but not in a
substantial capacity. If a decrease in wildfire activity exists, it might be a result of the
ecological impact decreasing human activity around the coast, since most ignition in the
southeast is due to human activity (Zhai et al 2003, Pye et al 2003). This conclusion is
logical, however, a bit speculative with no real evidence to support it. Precipitation
amounts were fairly high, around 10 inches, in July and August of 2010, however
precipitation was not strongly correlated with wildfire frequency making it difficult to
make any link with this wildfire dataset. Other factors may exist that were not analyzed
and might explain the lower fire frequencies.
Strong evidence was found for an increase in fire detection frequency specifically
due to hurricane Katrina and further confirms previous research done by Cooke et al
(2008). Inland areas saw significant increases in the fall and spring at while coastal
wetlands only saw significant increases in the spring at the .05 level. These impacts can
safely be linked to hurricane Katrina since the magnitude of increase in fire detections
was so large. These periods of increased fire frequency also coincided with periods of
lower NDVI and EVI values following hurricane Katrina. The wildfire detection
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frequency in the marine wetland environment for the 2005 fall season was only slightly
higher than the upper 95% confidence interval. Since this increase in wildfire detection
frequency is fairly small and inundation might have increased false positives, no
confident assertions can be made about hurricane Katrina’s effect on wetland fires in the
fall.
The increase in winter wildfires in 2006 and 2009 throughout southeast Louisiana
is also difficult to interpret. While statistical evidence does not support a significant rise
in the number of wildfires, the winters of 2006 and 2009 show clear increases in wildfire
detection frequency over southeast Louisiana. These are the only two winters to follow
years in which hurricanes impacted the study area. The impact of hurricane Katrina on
winter wildfires are affected by hurricanes was therefore, inconclusive. More years or
more reliable data are necessary to determine if a trend does actually does exist in the
winter.
Inundation from the surge could possibly increase salinity in less saline area of
the coast. The change in water chemistry could inhibit plant growth or kill off vegetation
over time, as well as negatively affect plant regrowth (Liu et al 2007). This conclusion is
also speculative and more study would be needed to better understand why these
hurricane related impacts exist.
One area, north of New Orleans saw an increase in wildfires after hurricane
Katrina. This area is in the Gulf Coastal Flatwoods as defined by Omernik's ecoregions,
which is different from most of the alluvial plain that dominates the study area. The Gulf
Coastal Flatwoods are dominated by longleaf pine and are historically prone to fire
(Daigle et al 2012). This area of increased fire frequency is on the edge of the study area
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and very little of the Gulf Coastal Flatwoods are contained within the scope of the kernel
density maps. Consequently, no conclusive link can be made between this area and
wildfire increases after hurricane Katrina without further study.
Despite the lack of significance, the 2005-2006 fire season’s mean FRP does
appear lower than the other years. If this lowering is in fact caused by hurricane Katrina,
then the drop in FRP values may not necessarily indicate lower fire intensities. If a trend
does exist, the lowering would most likely be due to inundation. Since water is good at
absorbing heat, larger amounts of thermal energy are more likely to be absorbed instead
of emitted or reflected to the sensor. The presence of water could also absorb heat from
wildfires as well as limit fire growth and intensity, by either directly limiting fuel, or by
creating more natural fire breaks more research would need to be done to determine if a
lowering trend intensity does exist, and if it does whether or not the trend is significant.
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CONCLUSIONS

In conclusion, data and analysis of the MODIS fire dataset, along with other
factors, provided a brief yet informative overview and exploration into normal wildfire
behavior as well as the impacts from both the Deepwater Horizon oil spill and hurricane
Katrina. The data were useful but limited due to a coarse resolution of the MODIS
sensor. The first objective, assessing the accuracy of the MODIS fire product, found at
most, a 60% probability of detection for fires 1km2 or greater in size. Therefore, any
inferences from this dataset can only be made about large fires.
Seasonal and spatial patterns associated with wildfires in both the marine
wetlands and southeast Louisiana in general were identified in objectives 2 and 3
respectively. Wildfires were found to occur during the fall in inland areas and in the
coastal wetlands during the spring. Also, increases in wildfire frequency appeared to
occur following hurricane Katrina during the fall, winter and spring in inland areas, as
well as during the spring in the coastal wetlands. While hurricanes seemed to enhance
wildfire frequency, the spatial distribution of wildfires did not appear to change, with the
exception of a small area north of New Orleans on the edge of the study area. No
increases or changes in spatial patterns seemed to occur after the oil spill.
The results of objective 4 showed weak correlations between wildfires and
climatic, tidal and vegetation factors. The strongest correlations existed between wildfire
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frequency and variables with strong seasonal trends. The data wile informative about
normal wildfire trends, but only aided slightly in the interpretation of disaster related
impacts on wildfires
In objective 5, the winter, spring, summer and fall seasons following each disaster
were compared to 95% confidence intervals around the mean fire frequency for each
season to look for significant differences. Significant increases in wildfires occurred
following hurricane Katrina during the fall and spring in inland areas and during the
spring in the coastal wetlands. These increases were consistent with the graphical
analysis with one exception; no significant increase was found in southeast Louisiana
during the winter following hurricane Katrina. No increases in wildfire frequency were
seen in the coastal wetlands after the oil spill; however, decreases might have occurred in
the inlands during the summer of 2010 and spring of 2011. These decreases might
possibly be due to inhibited access to many of the marsh areas following the oil spill.
Finally, Objective 6 was met by using Bootstrapping analysis to compare the
mean fire intensity (FRP) among all of the fire seasons. No significant changes in the
mean FRP occurred between any of the fire seasons. With all the objectives met the two
hypotheses could then be addressed.
The first hypothesis, that each disaster increased wildfire frequency, was found to
be true for hurricane Katrina due to the large amount of graphical and statistical evidence.
Hurricane Katrina increased fire frequencies during the following fall, spring and
possibly winter but only increased wildfire frequencies in coastal wetlands during the
following spring. Hurricane Katrina did not appear to change the spatial distribution of
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fires, with the exception of a small region on the edge of the study area north of New
Orleans.
The first hypothesis was not found to be true for the oil spill. In fact, wildfires
may have actually decreased in the inland portions of southeast Louisiana following the
oil spill. No change in spatial trends appeared to occur after the oil spill either.
The second hypothesis that there were increases in fire intensity due to hurricane
Katrina and the Deepwater horizon oil spill was not found to be true. Although mean fire
intensity might have decreased following Katrina., the 2005-2006 fire season’s mean
FRP is not statistically significant from the mean FRP of any other year in the study.
No conclusions from this study can be made about the oil spill and hurricane
Katrina having an impact on smaller wildfires, although Katrina would be expected to
have the same increasing effect. Methods used in this study using a more conventional
wildfire dataset with smaller wildfires would also aid in understanding further potential
disaster related effects on wildfire. The exclusion of smaller wildfires is not the only
limiting issue, as the dataset is still filled with redundant fire detections, since the
consolidation was done by individual days. Development of a method and criteria to
consolidate fire detections over multiple days would be extremely helpful for future
researchers who need fire data where none is available.
Future studies on marsh wildfires in southeast Louisiana, should first focus on
gaining a better understanding of wildfires of all sizes as well as additional information
such as the amount of area burned and causes of wildfire ignition. More detailed analysis
with this information can aid in the examination of the complex relationships between
wildfires and other factors in this area. These analyses should include more specific
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vegetation effects as well as fine scale look at wildfires and tidal fluctuations. Omenick's
or Bailey's eco regions might provide a useful classification to examine differences
among various ecosystems. In a small area with a limited sample size, wildfire density
extracted and compared among zones such as eco regions might provide a better method
to examine and test wildfire frequency and any possible disaster related effects.
Anthropogenic factors such population changes as well as human development
should be studied as well. Hurricane Katrina was responsible for decreases in population
in certain parts of southeast Louisiana. St Bernard parish experienced a 46 % decrease in
populations from 2000-2010, while Orleans parish experienced a 30 % decrease in
population (“2010 Census” 2013, “Census 2000” 2013). Such population changes could
possibly have a substantial impact on the distribution and likelihood of wildfire in the
region.
The lack of wildfire detections in any period does not mean that fire monitoring
efforts should be lax. Wildfires during these seasons or periods might just be smaller and
less likely to be detected. Fire mangers should certainly be ready for increased fire
activity immediately following a hurricane in inland areas through the fall winter and
spring seasons and in the coastal wetlands during the following spring. Pre-emptive
action should be taken to minimize increases in spring wildfires following a hurricane,
since many flora and fauna are at their most vulnerable to negative wildfire effects during
this season (Nyman and Chabreck 1995). These pre-emptive actions should include but
not be limited to a consistent and regular occurrence of prescribed burns. Consistent
prescribed burning before a disaster occurs has been shown to help lessen the impact of
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storms such as hurricane Katrina on volatile fuel loadings in the southern forest of
Mississippi (Bryant and Boykin 2007).

53

REFERENCES
“ 2010, Census” U.S. Census Bureau, U. S. Department of Commerce” n.d. Web. Jan.
2013.
Ader, Herman J. Mellenbergh, Gideon J. Hand, David J. Advising on Reaserach Methods:
A Consultants Companion. The Netherlands Nextprint BV, Rosmalen, 2008.
Electronic
Baccherone, Brandon and Frazier, Shannell. “About MODIS.” NASA n.d. n.p Web. 1
Dec. 2011.
Beven, John L. Kimerlain, Todd B. “Tropical Cyclone Report Hurricane Gustav.”
National Hurricane Center. NOAA, 22 Jan. 2009. Web. Aug 2012.
Boesch, Donald F. Josselyn, Micheal N. Meha, Ashish J. Morris, James T, Nuttle,
William K. Simenstad, Charles A. Swift, Donald J.P. “Scientific Assesment of
Coastal Wetland Loss, Restoration and Management in Louisisana.” Journal of
Coastal Research (1994)
Boucher, D.H. “Growing back after hurricanes.” Bioscience 40 (1990): 163–166.
Bryant, Danny. and Boykin, Jay. “ Fuels Management on the National Forests in
Mississippi after Hurricane Katrina.” USDA Forest Service Proceedings 2007
Byrner, Nelson P. Walton William D. Twilley, William H. Roadarmel, Gary. “In-Situ Oil
Burning in the Marshland Environment- Soil Temperatures resulting From Crude
Oil and Diesel Fuel Burns.” Artic and Marine Oil Spill Program Technical
Seminar 24, Ottawa, Ontario: Environment Canada, June 12-14, 2001.
“Census 2000 Gateway” U.S. Census Bureau, U. S. Department of Commerce” n.d. Web.
Jan. 2013.
Cooke, William H., Grala, K., Evans, D.L. and Collins, C. “Assessment of pre- and postKatrina fuel conditions as a component of fire potential modeling for Southern
Mississippi” Journal of Forestry 105.8 (2008): 389-397.

54

Daigle, Jerry. Griffith, Glenn. Omernik, James. Faulkner, Patricia. McCulloh, Richard.
Handley, Lawrence. Smith, Latimore. Chapman, Shannen.“Ecoregions
.of
Louisiana.” Western Ecology Division. Environmental Protection Agency, 34
May 2012. Web. Dec. 2012
DiCiccio Thomas J. and Bradley Efron “Bootstrap Confidence Intervals.” Statistical
Science 11.3 (1996): 189 228
Dixon, P.G., Goodrich, G.B. And Cooke, W.H. “Using Teleconnections to Predict
wildfires in Mississippi.” Monthly Weather Review 136.7 (2008): 2804-2811.
Dutta, Saranee. “Spatio temporal Characteristics of Mississippi Wildfires.” 2010 MS
thesis. Mississippi State University, Mississippi
Efron, B."Better Bootstrap Confidence Intervals.” Journal of the American Statistical
Association 82 .397 (1987): 171–185.
“ERMA Deepwater Gulf Response.” Environmental Protection Agency. NOAA, n.d. Web
May 2011
"Fire Detection GIS DATA." Remote Sensing Application Center. USDA Forest Service,
n.d. Web. Aug.-Sept. 2011.
“Gulf Spill One Year On.” New Scientist 30 April 2011 pp 4
Giglio, Louis. Descloitres, Jacques. Justice, Christopher O. Kaufman, Yoram J. “ An
Enhanced Contextual Fire Detection Algorithm for MODIS.” Remote sensing of
Environment 87 (2003) 273-282.
Giglio, Louis. MODIS collection 5 Active Fire Product User’s Guide Version 2.4 NASA
2010 Web. Apr 2012
Grala, K., and Cooke, William. “Spatial and temporal characteristics of wildfires in
Mississippi.” International Journal of Wildland Fire 19.1 (2010) pp. 14–28.
Hawbaker, Todd J. Radeloff, Volker C. Syphard , Aleandra D. Zhu, Zhiliang. Stewart,
Susan I. “Detection Rates of the MODIS Active Fire Product in the United
States.” Remote Sensing of Environment 112 (2008): 2656-26664
"How Kernel Density Works.” ArcGIS Resource Center.. ESRI, 29 Jun. 2011. Web. 10
Dec. 2011.
“In Situ Burning” Office of Response and Restoration. NOAA, n.d. Web. 11 Dec. 2011

55

Jensen, John R. “Remote Sensing Data Collection” Introductory Digital Image
Processing: A Remote Sensing Perspective Ed. Keith C. Clarke Upper Saddle
River, NJ: 2005
Kaufman, Yoram J. Justice, Chris O., Flynn, Luke P., Kendall, Jackie D., Prins, Elaine.
M., Giglio, Louis., Ward, Darold. E., Menzel, Paul T. and Setzer, Alberto. W.
“Potential global fire monitoring from EOS-MODIS.” Journal of Geophysical
Research 103 (1998):32215-32238.
Korontzi, S., McCarty, J., Loboda, T. , Kumar, S., Justice, C.“Global distribution of
Agricultural Fires in Croplands from 3 years of Moderate Resolution Imaging
Spectroradiometer (MODIS) Data.” Global Biogeochemical Cycles 20.21 (2006)
Knabb, Richard D. Rhome, Jamie R. Brown, Daniel P. “Tropical Cyclone Report
Hurricane Katrina” National Hurricane Center. NOAA, 20 Dec. 2006. Web. Aug
2012
Lin Qianxin. Mendelssohn, Irving A. Byrner, Nelson P. Walton, Willam D. “Salt Marsh
Recovery and Oil Spill Remediation after In-Situ Burning: Effects of Water Depth
and Burn Duration” Environmental Science Technology. 36 (2002):576-581
Lin, Qianxin. Mendelssohn, Irving A. Byrner, Nelson P. Walton, Willam D.
“In-situ Burning of Oil in Coastal Marshes. 1. Vegetation Recovery and Soil
Temperature as a Function of Water Depth, Oil Type and Marsh Type”
Environmental Science Technology 39 (2005):1848-1854
Lindau, C.W. Delaune R.D. Jugsujinda A. “Marsh Sensitivity to Burning of Applied
Crude Oil.” Spill Science and Technology Bulletin 8.4 (2003): 401-404
Lindau, C.W. Delaune, R.D. and Jugsujindra, A. Sajo, A. “Response of Spartina
Alternflora to burning of applied oil.” Marine Pollution Bulletin 38.12
(1999):1216-1220
Liu, Kam-biu. Lu, Houyuan. Shen, Caiming. “A 1200 Year Proxy Record of Hurricanes
and fires from the Gulf of Mexico Coast: Testing the hypothesis of Hurricane-Fire
Interactions.” Quaternary Research 69.1 (2008): 29-41
Lynch, J.J. “The Place of Burning in Management of the gulf Coast Wildlife Refuges.”
Journal of Wildlife Management 5.4 (1941): 4454-457.
Mcfalls, Tiffany B. Keddy Paul A. Campbell, Daniel. and Shaffer, Gary “ Hurricanes,
Floods Levees, and Nutria: Vegetation Responses to interacting Disturbance and
Fertility Regimes with Implications for Coastal Wetland Restoration.” Journal of
Coastal Research 26.5(2010): 901-911
56

Mendelssohn, Irving A. Lin, Qianxin. Carney, Kenneth. Bryner, Nelson P. Walton,
William D. “Coastal Marsh Recovery and Oil Remediation after In-situ Burning:
Effects of Water Depth, Oil and Marsh Type.” Spill Science and Technology
Bulletin 8.4 2003: 401-404
Mishra, D. R., H. J. Cho, S. Ghosh, C. Downs, A. Fox, P. B. T. Merani, P. Kirui, N.
Jackson, and S. Mishra. “Post-spill state of the marsh: Remote Estimation of the
Ecological Impact of the Gulf of Mexico oil spill on Louisiana Salt Marshes.”
Remote Sensing of Environment¸118 (2012): 176-185
Mitchell, Laura R. Gabrey, Steven. Marra Peter P. and Erwin, Micheal. “Impacts of
Marsh Management on Coasal-Marsh Bird Habitats.” Studies in Avian Biology 32
(2006):155-175
Morisette, J.T., Giglio, L., Csiszar, I., Setzer, A., Schroeder, W., Morton, D., Justice, C.O.
“Validation of MODIS active fire detection products derived from two
algorithms.”Earth Interactions, 9 (2005):1-23.
“Multi-Distance Spatial Cluster Analysis (Ripley's K Function) (Spatial Statistics).”
ArcGIS Resource Center. 7 Mar. 2012. Web, Feb. 2012.
Nickeson, Jaime. and Wolfe Robert. “EOS Validation Status for MODIS Thermal
Anomalies/Fire: MOD14." MODIS Land Team. NASA, 28 Nov. 2012. Web. 11
Jun. 2012.
Nyman, John A. and Chabreck Robert H. “ Fire in Coastal Marshes: History and recent
Concerns.” Fire in Wetlands: a management perspective. Proceedings of the Tall
Timbers Fire Ecology Conference. Tallahassee, Fl. Tall Timbers Research Station
1995.
Pye, J.M., J.P. Prestemon, D.T. Butry, AND K.L. “Prescribed Burning and Wild-Fire Risk
in the 1998 Fire Season in Florida.” Fire, Fuel Treatments, and Ecological
Restoration. Apr. 16 –18, 2002 Fort Collins, CO,. US Forest Service, 2003
"Residues from In Situ Burning of Oil on Water | Response.restoration.noaa.gov." Office
of Response and Restoration, NOAA. 20, Mar. 2013 Web. 11 Mar. 2012
“RRT IV Guidelines for Inshore/Nearshore In-Situ Burn” Office of Response and
Restoration. NOAA, n.d. Web. 11 Dec. 2011
Schroeder, W., Prins, E., Giglio, L., Csiszar, I., Schimdt, C., Morisette, J., Morton, D.
2008. “Validation of GOES and MODIS Active Fire Detection Products Using
ASTER and ETM+ data.” Remote Sensing of Environment 112 (2008): 2711–
2726.
57

Singh, Kesar. Xie, Minge. “Bootstrap: A Statistical Method.” Rutgers, n.p. n.d. Web.
Sept. 2012.
Stewart, Stacy R. “Tropical Cyclone Report Hurricane Cindy” National Hurricane
Center. NOAA, 14 Feb. 2006 Web. Aug. 2012.
“Summary Report for Fate and Effects of Remnant Oil Remaining in the Beach
Enviornment " Operational Science Advisory Team. Restore the Gulf. n.d Web.
Apr 2012
"Tide Data Station Selection :Louisiana." Tides and Currents. NOAA n.d. Web. March
2012.
Walkup, Crystal. J. "Spartina Alterniflora.” US Forest Service, 1991 Web 05 Nov. 2011.
<http://www.fs.fed.us/database/feis/plants/graminoid/spaalt/all.html>
Walkup, Crystal. J."Spartina Patens." US Forest Service, 1991 Web. 05 Nov. 2011.
Zhai, Y.S. Munn, I.A., and Evans, D.L.” Modeling Forest Fire Probabilities in the South”
Central United States Using FIA Data.” Journal of Applied Forestry 27
(2003):11–17.

58

